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Abstract 


The  principal  morphological  features  of  ionospheric  absorption  of  cosmic 
radio  noise  at  vertical  incidence  -due  to  influx  into  the  polar  inosphere  of  solar 
protons  with  particle  energy  near  10  MeV,  and  as  measured  by  ground-based  riom- 
eters  operated  usually  at  30  MHz-  are  reviewed  with  fig;  res  and  brief  descriptions. 
HF  signal -intensity  observations  in  two  oblique-incidence  circuits,  Thule  toCollege 
and  Pt.  Barrow  to  Kenai  (Alaska),  are  compared  with  riometer  measurements  for 
several  PC  A  events.  In  each  event  the  signal  in  an  affected  circuit  rapidly  de¬ 
creased  by  the  order  of  40  dB  as  soon  as  the  riometer  absorption  rose  by  about  1 
dB.  The  signal  decrease  remained  as  high  as,  or  even  exceeded  40  dB  so  long  as 
the  riometer  absorption  exceeded  a  few  to  several  decibels.  Even  when  the  riom¬ 
eter  absorption  has  subsided  to  low  values,  the  signal  decrease  may  remain  high 
because  of  disturbed  ionospheric  conditions  caused  by  geomagnetic  storms.  The 
observed  large  signal  decrease  of  40  dB  i3  much  smaller  than  the  absorption  of 
—more  than  100  dB  to  be  expected  (on  the  assumption  that  the  signal  passed  com¬ 
pletely  through  the  D  region)  in  oblique -incidence  circuits  during  intense  PC  A 
periods.  It  is  suggested  that  a  "stand-by"  propagation  mode,  involving  a  combina¬ 
tion  of  scattering  and  ducting  of  HF  radio  waves  near  the  ionospheric -bottom - 
boundary,  comes  into  play.  It  is  also  suggested  that,  during  disturbed  ionospheric 
conditions,  diminutions  in  ionospheric  electron  density  -in  addition  to,  or  in  con¬ 
junction  with,  increased  ionospheric  absorption-  is  an  important  contributing 
cause  to  HF  radio  blackouts 
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On  Signal  Decrease  in  HF  Circuits 
During  PCA  Events 

I  INTRODUCTION 

It  is  well  known  that  polar  cap  absorption  (PCA),  as  determined  by  increased 

absorption  of  high  frequency  (HF)  radio  waves  at  vertical  incidence  in  the  polar 

ionosphere,  is  caused  bv  an  influx,  following  some  solar  flares,  of  greater  than 

2 

10  protons  (with  energies  near  10  MeV)  per  cm  / sec/ster,  as  measured  with 
orbiting  satellites  near  the  earth.  The  solar -terrestrial  relationships,  and  the 
atmospheric  processes,  involved  in  PCA  events  have  been  reviewed  a  number  of 
times  since  PCA  became  identified  with  regard  to  cause  for  the  IGY  period 
(Bailey,  1959;  Reid,  1961;  Weir,  1961;  Bailey,  1964;  Adams  and  Masley, 

1965;  and  Hultquist,  1968).  Rocket-borne  probes  have  been  used  in  PCA 
investigations  (Ulwick,  1972).  Ground-based  observations  on  microwave  burst 
spectra  of  the  sun  have  been  studied  as  a  useful  predictor  of  PCA  or  solar -proton 
events  (Castelli  and  Aarons,  1970;  Straka  and  Barron,  1970;  and  Castelli  and 
Guidice,  1972).  Vertical -incidence  absorption  data  from  riometer  stations  (Cor¬ 
mier,  1970)  and  proton-flux  data  from  satellites  (Solar-Geophysical  Data,  1968  and 
later)  provide  continuing  information  on  PCA  events.  Smart  and  Shea  (1971)  intro¬ 
duced  a  3 -digit  index  (relating  to  solar  proton  flux  at  energy  levels  above  10  MeV, 
daylight  polar  riometer  absorption  at  30  MHz,  and  sea-level  neutron  monitor  in¬ 
crease)  for  classifying  the  magnitude  of  PCA  events. 

(Received  for  publication  2  May  1973) 
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The  morphological  features  of  the  proton  flux  and  vertical -incidence  riometer 
absorption,  associated  with  PCA  events,  are  shown  in  Section  2  with  figures  and 
brief  descriptions. 

Signal-intensity  data  from  HF  oblique-incidence  circuits  during  PCA,  published 
by  Egan  and  Peterson  (1960)  and  by  Jelly  (1963),  and  some  unpublished  data  (Davis, 
1969)  are  presented  in  Section  3.  The  available  data  no  not  provide  quantitative 
estimates  on  the  magnitude  of  signal  decrease  in  oblique -incidence  circuits,  because 
of  noise  and  interference  in  the  circuits,  when  riometers  recorded  cosmic  noise 
absorption  of  more  than  few  decibels. 

From  the  Egan-Peterson  report,  it  can  be  inferred  that  the  signal  decrease  in 
an  oblique-incidence  circuit  may  be  only  of  the  order  of  40  dB  when  riometers 
recorded  vertical -incidence  absorption  of  12  dB.  Theoretical  calculation  would 
estimate  the  oblique-incidence  absorption  to  be  of  the  order  of  500  dB  -if  the  propa¬ 
gated  signal  actually  passed  through  the  D  region  twice.  Instead  of  this,  it  is 
suggested  in  Section  4  that  the  propagated  signal,  after  ascending  to  the  bottom  of 
the  ionosphere,  conceivably  follows  a  chordal  trajectory  along  the  ionospheric 
bottom  boundary  until  it  descends  to  the  receiving  site. 

i  PROTON  FLUX  AN!)  KIOMF.TFR  (V  KRTIC AL-INCIDKNCF)  ABSORPTION 

Figure  1  shows  the  time  history  of  the  proton  flux  (for  particle  energy  equal  to 
and  above  10  MeV)  measured  in  the  Explorer  34  satellite  (ESSA,  19611),  and 
vertical -incidence  absorption  measured  at  30  MHz  by  the  riometer  at  Thule,  during 
the  PCA  event  in  June,  1968.  The  square  root  of  the  flux  is  approximately  propor¬ 
tional  to  the  absorption,  with  the  constant  of  proportionality  between  1.9  and  2.8 
in  this  event.  The  good  correlation  between  solar  proton  flux  and  riometer  aljsorp- 
tion  has  been  studied  by  Kuck  (1970). 

At  the  time  of  a  causative  proton-event  flare  on  the  sun,  which  precedes  the 
onset  riometer  absorption  usually  by  one-half  to  many  hours,  estimates  can  be 
made  on  the  onset  time  of  riometer  absorption,  on  the  time  and  amplitude  of  maxi¬ 
mum  proton  flux,  and  on  the  decay  rate  of  the  flux  -provided  the  flare  in  on  the 
visible  side  of  the  solar  disk.  These  estimates  are  based  on  solar  radio  emissions 
at  several  frequencies  over  a  wide  band,  on  the  heliocentric  angular  separation 
between  the  flare  position  and  the  magnetic  field  line  starting  from  the  sun  and 
intercepting  the  earth,  and  on  solar-wind  velocity  (Castelli  and  Aarons,  1970; 

Straka  and  Barron,  1970;  and  Smart  and  Shea,  1969). 
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Figure  1.  Riometer  Absorption  at  30  MHz  in  Thule, 
and  Proton  Flux  for  Particle  Energy  >  10  MeV  in 
Orbiting  Satellite  During  PCA  Event  in  June  1968 


Owren  (1969)  has  shown  that  by  grouping  data  in  hourly  intervals  (with  lour  or 
more  data  points  per  hour),  curves  of  maximum,  average,  and  minimum  riometer 
absorption  or  proton  flux  can  be  forecast  which  best  fit  a  few  hours  of  real-time 
data.  Figure  1  shows  that  piecewise-linear  extrapolation  of  the  logarithmic 
values  of  riometer  absorption  or  proton  flux  give  acceptable  forecasts  of  the  ob¬ 
served  values  -with  four  hours  of  lead  time  during  some  linear  segments,  and  up 
to  24  -h  during  one  segment. 

The  fr.i  -tional  reduced -absorption  ratio,  R,  during  night  hours  —measured 
from  the  linear -decrease  reference  line  in  Figure  2-  is  shown  in  Figure  3  as  a 
function  of  the  solar  zenith  angle  in  Thule,  where  the  corrected  magnetic  latitude 
is  86.0  deg  (Ilakura,  l'J65),  The  corresponding  curve  (Reid,  1969)  for  Great 
Whale  River,  at  magnetic  latitude  =  68.2  deg,  during  the  same  event  is  also  shown. 
Thus,  the  dependence  of  R  on  the  solar  zenith  angle  varies  for  stations  at  different 
magnitude  latitudes. 

Aside  from  the  night-time  reduction  in  vertical-incidence,  riometer  absorp¬ 
tion,  there  is  also  an  occasional  mid-day  reduction  in  riometer  absorption  -which 
occurs  for  20  percent  of  PCA  events,  and  sometimes  in  only  some  riometer  sta¬ 
tions  (Leinbach,  1967). 

Except  for  the  night-time  reduction,  and  the  occasional  mid-day  reduction, 
the  riometer -measured  absorption  is  relatively  uniform  within  the  whole  polar 
region,  bounded  by  a  locus  of  constant  corrected  magnetic  latitude  at  any  instant 
of  time  during  a  PCA  event.  This  uniformity  is  subject  to  fluctuations  of  a  few 
decibels,  due  to  aurora -induced  absorption  (Weir,  1961;  Leinbach,  1962;  and 
Hakura,  1969). 
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Figure  2.  Riometer  Absorption  at  20  MIlz  in  Thule 
During  PGA  Invent  in  September  1066 
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as  Function  of  Solar  Zenith  Angle  for  Thule  (86.0°  N) 
and  Great  Whale  River  (68.2°  N)  During  PGA  Fvent 
in  September  1066 


The  onset  and  terminating  times  of  riometer-measured  absorption  for  ten 
PCA  events  are  shown  as  function  of  corrected  magnetic  latitude  in  Figure  4.  The 
upper  part  of  the  figure  pertains  to  eight  events  of  the  l GY  period,  and  was  scaled 
from  large  original  graphs  plotted  by  Leinbach  (1062)  from  riometer  records.  The 
lower  part  of  Figure  4  pertains  to  two  events  in  May,  1967  (Fcklund,  1969).  The 
dates  and  onset  times  of  riometer  absorption  for  the  events  represented  bv  the 
curves,  labeled  1  through  10  in  Figure  4,  are  listed  in  Table  1. 
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Figure  4.  Relative  Onset  and  Terminating  Times  as  Functions  of 
Geomagnetic  Latitudes  for  PC A  Events  Listed  in  Table  1 


Table  1.  Dates  and  Onset  Times  of  Riometer 
Absorption  for  the  PC  A  Events  in  Figure  4 


Curve  No. 

Date  and  Onset  Time 

1 

June  7.  1958,  00  UT 

2 

August  16,  1958,  00  UT 

3 

August  21,  1958,  13  UT 

4 

August  21,  1958,  00  UT 

5 

May  11,  1959,  00  UT 

6 

June  10,  1959,  04  UT 

7 

June  14,  1959,  06  UT 

8 

June  16,  1959,  22  UT 

9 

May  24.  1967,  00  UT 

10 

May  28.  1967,  06  UT 

The  longest-lived  event  (curve  No.  5)  in  Figure  4  lasted  11  days.  The  onset- 
time  diagrams  do  not,  while  the  terminating-time  diagrams  do,  show  large  varia¬ 
tions  for  the  different  events.  The  curves  6,  7,  and  8  represent  sequentially 
overlapping  events;  the  right-hand  portions  of  diagrams  6  and  7  represent,  res¬ 
pectively  the  terminating  time  for  event  6  had  event  7  not  intervened,  and  for 
event  7  had  event  8  not  intervened. 
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The  vertical  distributions  of  ionospheric  D-region  electron  density  are  avail¬ 
able,  from  rocket -borne  or  multi-frequercy  ground-based  riometer  measurements, 
for  some  PCA  events  (Musser,  1969:  Ulwick,  1972),  Typical  electron-density 
profiles,  and  nominal  cr  M‘  -ion-frequency  profiles  calculated  from  standard  atmo¬ 
spheric-density  distributions,  are  shown  in  Figure  5.  These  profiles  provide  data 
for  attempted  evaluation  of  signal -intensity  levels,  depending  on  modes  of  propaga¬ 
tion,  in  oblique -incidence  circuits  during  PCA  events. 
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Figure  5.  He!ght  Profiles  of  Elec¬ 
tron  Density  and  Nominal  Collision 
Frequency  During  PCA  Events  in 
May  1967  at  Reykjavik,  Iceland  and 
in  November  1968  at  Fort  Churchill, 
Canada 


3.  SIGN  AL  DECREASE  4ND  LlIF  INCREASE  IN  OBLIQUE-INCIDENCE  CIRCUITS 

In  constrast  with  the  solar  proton  flux  and  the  vertical -incidence  riometer 
absorption,  the  signal -intensity  decrease  in  oblique -incidence  circuits  during 
periods  of  intense  riometer  absorption  (of  much  more  than  few  dB)  is  not  too  well 
delineated. 
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During  PC  A  events,  the  lowest  observed  (or  "useable")  frequency  in  oblique - 
incidence  ionograms  increases,  as  expected.  The  observed  increase,  A(LUF),  is 
shown  in  Figure  6  for  four  circuits  -Resolute  Bay  -  Churchill,  Resolute  Bay  - 
Ottawa,  Churchill  -  Ottawa,  and  Ottawa  -  Hague  (Holland)-  during  the  PCA  event 
beginning  in  28  Sept.  1961  (Jelly,  1963).  The  30  MHz  riometer  absorption  in 


SC 


Figure  6.  Polar-Cap  Absorption  Kvent  Beginning  28  Sept,  1961,  on  (a)  30  MHz 
Riometer  at  Churchill,  (b)  Lowest  Useable  Frequency  on  the  Resolute  Bay  - 
Churchill  Path,  (c)  the  Resolute  Bay  -  Ottawa  Path,  (d)  Churchill  -  Ottawa 
Path,  and  (e)  Ottawa  -  Hague  Path  (Jelly,  1963) 


Churchill  increased  to  8  dP  at  maximum  in  30  Sept,  then  decreased  to  residual  level 
in  1  October.  Substantial  reduction  in  riometer  absorption  occurred  during  the 
intervening  nights.  Radio  "blackout"  (during  which  no  frequency  in  the  HP'  band  is 
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received,  and  which  is  indicated  by  heavy  horizontal  bars  in  Figure  6)  occurred  in 
all  four  circuits  during  the  maximum  riometer -absorption  phase,  and  with  the 
exception  of  the  RB  -  CH  circuit  during  nearly  the  entire  duration  of  the  decaying 
phase  of  riometer  absorption.  The  blackout  was  associated  (Jelly,  1963)  with  tin* 
main  phase  of  the  magnetic  storm  which  followed  its  sudden  commencement  (SO, 
in  Figure  6  (sometimes  a  SC  does  not  accompany  a  main-phase  magnetic  storm). 

During  a  main-phase  storm,  aurora-induced  absorption  arises,  and  substantial 
diminutions  occur  in  the  F -region  critical  frequency  over  large  areas.  Radio 
blackouts,  and  related  effects,  are  usually  interpreted  as  being  caused  mainly  by 
increased  absorption  of  radio  wives  -to  the  neglect  of  another  cause.  As  blackout 
did  not  occur  during  the  increasing  riometer -absorption  phase  of  the  event  in 
Figure  6  -when  the  riometer  absorption  was  considerably  higher  than  during  tin* 
decaying  phase—  it  is  cleanly  necessary  to  invoke  another  cause,  namely  the  dimi¬ 
nution  in  foF2  and  concomitant  ray-pattern  effects,  as  an  important  contributing 
factor  in  blackouts. 

Figure  7  (Jelly,  1963)  shows  the  observi  <1  dependence  on  frequency  of  the 
increase  in  oblique -incidence  absorption  in  the  Resolute  Bay  -  Ottawa  circuit;  the 
observed  curve  was  measured  during  a  3-niin  interval  in  29  Sept  whenthe  vertical- 
incidence  riometer  absorption  in  Churchill  was  near  1  dB  (see  Figure  6).  For 
comparison  a  calcula'ed  curve,  extrapolated  (with  respect  to  the  secant  'aw  for 
path  obliquity  and  inverse  frequency -squared  law  for  frequency  dependence)  from 
the  30  MHz  riometer  data  in  Churchill  is  also  shown  in  Figure  7.  The  agreement 
between  the  observed  and  calculated  curves  is  satisfactory  -in  this  case  of  weak 
riometer  absorption. 

Figures  8  and  9  include  signal -intensity  data  in  oblique-incidence  circuits 
during  periixls  of  intense  vertical -incidence  riometer  absorption. 

Figure  8  (Kgan  and  Peterson,  1960)  compares  riometer  absorption  at  27.6 
MHz  at  Thule  and  College,  Alaska,  with  signal  intensity  at  12  MHz  in  the  Thule- 
College  circuit  during  a  sequence  of  four  large  K'A  events  occurring  between  26 
April  and  15  May,  1960.  (In  -4  May  an  additional  sharp  peak  occurred  in  the  riom¬ 
eter  absorption  in  Thule  but  not  in  College;  this  presumably  constituted  a  short¬ 
lived  event  localized  in  a  small  region  near  the  magnetic  pole.  I  In  each  of  the  four 
large  events,  the  signal  intensity  rapidly  decreased  by  approximately  40  dll  (or 
more?),  while  the  riometer  absorption  increased  by  only  about  1  dB;  then  the  sig¬ 
nal  persisted  near  the  minimum  level  for  nearly  the  entire  duration  of  the  event, 
while  the  riometer  absorption  rose  to  as  high  as  14  dll,  and  then  decayed  to  the  1 
dB  level. 


OT-RB  CIRCUIT 


Figure  8.  Signal  Strength  Observations  on  the  Thule-to-College  Circuit 
and  Riometer  Measurement  at  Thule  and  College  During  the  Period  26 
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For  the  same  26  April  to  15  May,  1960  period  as  in  Figure  8,  the  signal 
intensity  observed  at  5.  13,  9,95,  14.7  and  19.2  MHz  in  a  1200  km  path,  namely 
a  geographically  north-south  path  from  Pt.  Harrow  to  Kenai,  Alaska,  is  shown  in 
Figures  9(a),  9(b)  and  9(c).  The  data-point  dots  shown  were  plotted  from  unpub¬ 
lished  numerical  tabulations  of  hourly  averaged  values  processed  from  signal  - 
intensity  recordings  measured  under  the  direction  of  R.  Silberstein  of  the  Institute 
of  Telecommunication  Sciences,  Boulder,  Colorado  (Davis.  1969). 

In  Figure  9  the  receiver  noise  levels  were  as  follows. 


Frequency 

(MHz) 

5.  13 

9.  95 

14.7 

19.2 


Minimum  Receiver 
Noise  Level  (dB) 

-170 

-180 

-160 

-160  to  -170 


The  vertical  bars  indicate  that  the  received  signal  intensity  was  below  the  upper 
end  of  each  bar,  and  was  uncertain  due  to  the  presence  of  competing  noise  and 
interference.  The  magnitude  of  the  signal  sometimes  became  uncertain  at  a  level 
as  much  as  40  dB  above  the  minimum  receiver  noise.  A  horizontal  bar  underlying 
a  data-point  dot  indicates  that  the  recorded  signal  includes  an  extraneous  contri¬ 
bution  (such  as  noise  or  from  in  interfering  station)  in  addition  to  the  carrier 
signal  from  the  Pt.  Barrow  transmitter. 

The  solid-line  curve  shows  the  vertical -incidence  absorption  of  cosmic  noise 
measured  vith  a  riometer  at  27.6  MHz  in  Thule  (Leinbach,  1962). 

In  Figure  9  there  are  time  intervals,  different  for  different  frequencies, 
during  which  the  signal  level  was  very  low  when  the  riometer  absorption  was  low. 
These  intervals  of  low  signal  are  clearly  due  to  non -absorption  causes  -the 
receiver  site's  being  within  the  skip  zones  of  ionospherically  transmitted  rays, 
low  ionization  in  the  F2  layer,  and  effects  of  horizontal  ionization  gradients  in 
the  polar  ionosphere. 

In  the  opposite  sense,  there  are  time  intervals  in  Figure  9  during  which  the 
signal  decrease,  which  follows  in  step  with  riometer -absorption  increase,  is 
much  smaller  than  expected  on  conventional  reasoning.  If  it  is  assumed  that  the 
received  signal  passed  completely  through  the  ionospheric  D  region  (twice, 
upward  and  downward),  and  that  absorption  in  decibels  follows  the  inverse 
frequency-squared  dependence,  then  an  increase  of  one  dB  in  absorption  as  mea¬ 
sured  by  riometer  at  vertical  incidence  and  27.  6  MHz  would  cause  a  signal  de¬ 
crease  of  19  dB  in  the  oblique -incidence  path  from  Pt.  Barrow  to  Kenai  for  the 
transmission  frequency  of  9.95  MHz.  This  theoretical  estimate  gives  absorption 
values  for  the  Pt.  Barrow-to-Kenai  path  which  are  too  high  by  tens  of  dB  to  more 
than  100  dB,  when  the  riometer  registered  an  absorption  increase  larger  than  2  dB. 
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Figure  9a.  Signal  Strength  Observations  (Dots  and  Vertical  Bars)  on  the 
Pt.  Barrow -to-Kenai  Circuit  and  Riometer  Measurement  (Solid  Curve)  at 
Thule  During  the  Period  28  April  to  15  May  1960 
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Figure  9b.  Signal  Strength  Observations  (Dots  and  Vertical  Bars)  on  the 
Pt.  Barrow-to-Konai  Circuit  and  Riometer  Measurement  (Solid  Curve)  at 
Thule  During  the  Period  28  April  to  15  May  1960 
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Figure  9c.  Signal  Strength  Observations  (Dots  and  Vertical  Bars)  on  the 
Pt.  Barrow-to-Kenai  Circuit  and  Riometer  Measurement  (Solid  Curve)  at 
Thule  During  the  Period  28  April  to  !b  May  1960 
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The  high  values  of  calculated  signal  decrease  cannot  be  reduced  materially  as 
long  as  oneadheresto  the  point  of  view  that  the  propagated  signal  passes  completely 
through  the  I)  region  (twice)  before  reaching  the  receiving  sits.  This  is  so  in 
spite  of  the  fact,  frequently  but  irrelevantly  cited,  that  the  absorption  coefficient 
(in  dB  per  unit  height  interval  in  the  ionosphere)  varies  as  fn,  as  some  power  of 
the  frequency  with  n  taking  on  values  distributed  between  0  and  -2  (depending  on 
the  .slative  values  of  the  frequency  f  and  the  electron -neutral  collision  frequency, 
which  varies  logarithmically  with  altitude  in  the  ionosphere).  It  turns  out  that  for 
rather  w:  '  -'y  different  samples  of  electron -density  and  collision-frequency  profiles, 
as  shown  in  Figure  5,  the  absorption  coefficient  attains  maximum  values  at  a  range  of 
altitudes  such  that  the  re.evant  total  absorption  (obtained  by  integrating  the  absorption 
coefficient,  indB/km,  over  the  altitude  intervals  of  the  Band  E  regions)  would  deviate 
only  slightly  from  the  inverse  frequency -squared  law,  for  frequencies  down  to  10  MHz. 

Some  data  on  this  i&-'ue  are  available  from  rocket  borne  measurements  con¬ 
ducted  during  a  polar-cap-absorption  event  (Chidsey,  1972).  These  measure¬ 
ments  show  that  the  integrated  absorption  through  the  D  region  plus  part  of  E 
region  varies  in  accordance  with  the  reciprocal  frequency,  1/f,  raised  to  an 
exponential  power  between  1.4  and  2.0;  this  law  was  observed  for  frequencies 
down  to  9  MHz,  the  lowest  frequency  of  the  measurements  reported  by  Chidsey. 

4.  CONCLUSIONS,  ANI)  SUGGESTION  OF  HF  DUCTING  AND  SCATTERING 
NEAR  TIIE  IONOSPHERIC  BOTTOM  BOUNDARY  DURING  PCA 

The  principal  moi  phological  features  of  ionospheric  absorption  of  cosmic 
radio  noise,  as  measured  at  vertical  incidence  by  riometers  operated  frequently 
at  30  MHz,  during  solar-proton  events  are  satisfactorily  understood  and  well 
delineated  -such  that  ground-based  measurements  of  riometer  absorption,  and 
equivalently  satel.ite-borne  measurements  of  solar-proton  flux  near  the  earth, 
can  be  extrapolated  in  real  time,  with  lead  times  of  a  few  or  more  hours. 

The  onset  of  riometer  absorption  in  the  polar  ionosphere  can  often  be  fore¬ 
cast  by  observations  on  the  solar  microwave  burst  spectra  over  a  wide  frequency 
band,  when  solar  flares  occur. 

The  correlation  during  solar-proton  events  between  (a)  vertical -incidence 
riometer  absorption  and  (b)  signal -intensity  decrease  in  HF  oblique-incidence  cir¬ 
cuits  is  poor.  Nonetheless,  when  the  onset  of  increased  riometer  absorption  occurs 
in  a  solar-proton  event,  the  signal  intensity  in  an  affected  oblique-incidence  circuit 
rapidly  decreases  by  the  order  of  40  dB  -as  soon  as  the  riometer  absorption  rises 
by  about  1  dB.  Thereafter,  the  signal  decrease  remains  as  high  as,  or  perhaps 
considerably  exceeds,  40  dB  so  long  as  the  riometer  absorption  exceeds  a  few  to 
several  dB.  Even  for  periods  when  the  riometer  absorption  subsides  to  low  values. 
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the  signal  decrease  in  oblique-incidence  circuits  may  still  be  high  because  of  dis¬ 
turbed  ionospheric  conditions  prevailing  during  geomagnetic  storms  which  often 
follow  a  storm's  sudden  commencement  occurring  near  the  time  of  maximum 
riometer  absorption  in  a  PCA  event. 

Observational  evidence  during  PC  A  events  provide  signal -decrease  values 
that  are  extremely  remote  from  the  more  than  100  dll  expected  on  the  assumption 
that  the  propagated  signal  passes  completely  through  the  ionospheric  I)  region. 

In  view  of  the  fact  that  the  signal  decrease  in  oblique-incidence  circuits  has 
actually  been  observed,  on  occasions,  to  be  of  the  order  of  only  40  dll,  when  the 
vertical -incidence  riometer  absorption  exceeded  5  dll,  it  is  suggested  that  a 
"stand-by"  propagation  mode  comes  into  play  during  PC  A  events  -when  ionospheric 
absorption  exacts  a  toll  of  40  dB  or  more  from  the  signal  intensity  in  oblique- 
incidence  circuits.  This  stand-by  mode  is  conceived  to  be  a  combination  of  ducting 
and  scattering  of  HF  radio  waves  near  the  bottom  boundary  of  the  ionospheric  D 
region,  '•nd  requires  further  'nvestigations.  The  "stand-by"  mode  presupposes 
the  presence,  at  the  ionospheric  bottom  boundary,  of  sufficient  irregularities  in 
the  spatial  distribution  of  electron  density  during  the  influx  of  solar  protons  into 
the  polar  ionosphere.  Relatively  slight  deviations  from  a  smooth  particle-flux  vs 
energy  spectrum,  near  10  MeV,  may  conceivably  suffice  to  produce  the  required 
irregularities. 


i 


17 


Acknowledgments 


The  writer  is  indebted,  for  advice  and  discussions,  to  J.P,  Castelli,  R.J. 
Cormier,  Ft.  M.  Davis.  Jr.,  Dr.  F.  Newman,  D.  Smart  and  P..  M.  Straka.  The 
work  was  performed  under  Dr.  K.  Toman,  Chief  of  the  Ionospheric  Radio  Physics 
Branch,  for  the  Space  Forecasting  Project  8666  directed  bv  Dr.  F.  Ward  and  Col. 
R.  Bena. 


References 


Adams,  G.  W.  and  Masley,  A.J.  (1965)  J,  Atmos.  Terr,  Phys.  27:289. 

Agy,  V.,  Editor  (1970)  Ionospheric  Forecasting,  published  as  AGARD  Conference 
Proceeding  No.  49  on  a  meeting  held  in  St.  Jovitt,  Canada  in  1969;  distributed 
by  NASA,  Langley  Field,  Va. 

Bailey,  D.  K.  (1959)  Proc.  IRE,  47:255-266. 

Bailey,  D.  K.  (1964)  Planet,  Space  Sci.,  L2:495-541, 

Castelli,  J.P.  and  Aarons,  J.  (1970)  Ionospheric  Forecasting,  published  as  AGARD 
Conference  Proceeding  No,  49  on  a  meeting  held  in  St,  Jovitt,  Canada  in  1969; 
distributed  by  NASA,  Langley  Field,  Va. 

Castelli,  J.P.  and  Guidice,  D.  A,  ( 1972)  On  the  Classification,  Distribution,  and 
Interpretation  ot  bolar  Microwave  Burst.  Report  AFCRL-72 -0049. 

Chidsey,  Jr.,  I.  L,  (1972)  Multifrequency  Polar  Cap  Absorption  Measurements. 
in  Proceedings  of  COSPAR  Symposium  on  Solar  Particle  Event  of  November 
1969  (J.C.  Ulwick,  Ed.),  Report  AFCRL-72 -0474. 


References 


C  ormier,  R.J.  (1!)7Q)  Polar  Rh.meter  Observations,  Report  AFCRI , -70-0690, 

Davis,  .Jr.,  R.  M.  (1969)  Data  exchange  from  KSSA  Laboratories,  Moulder,  Colo. 

Kgan,  R.  I),  and  Peterson,  A.  M.  (1960)  Research  on  Polar  Radio  Propagation 
Blackouts,  Final  Report,  Contract  AF  19(604 >4  103,  Radioscience  Laboratory, 
Stanford  University,  Calif. 

Fcklund,  W.  (1969)  Data  exchange  from  KSSA  Laboratories,  Boulder,  Colo. 

KSSA  (1968)  Solar  Geophysical  Data,  Solar -Proton  Section,  December  issue,  U.S. 
Department  of  Commerce,  issued  by  U.S.  Coveinment  Printing  Office. 

KSSA  (1968  and  later)  Solar  (leophysieal  Data,  Solar-Proton  Section,  from  Feb. 
1968  issue  to  date,  and  continuing. 

llakura,  Y.  (1965)  Report  of  ionosphere  and  Space  Res,  in  Japan,  B);  12  1-157. 

Hakura,  Y.  (1969)  Annals  of  the  ItjSY,  edited  by  A.C.  Stiekland,  The  M.I.T. 
Press,  Cambridge,  11:337-352, 

llultquist,  B.  (1968)  Polar  Cap  Absorption  anil  Cround  Level  Kffects,  Report 
F.GO  686,  Kiruna  Geophysical  Observatory,  Sweden. 

.lellv,  I).  H.  (1963)  J.  Geophvs.  Res.,  68:1705-17  14. 

Kuck,  (!.  (1970)  Ionospheric  Forecasting,  published  as  A  OAR  I)  Conference  Pro¬ 
ceeding  \o.  49  on  a  meeting  held  in  ST.  .lovitt,  Canada  in  1969;  distributed  by 
NASA,  Langley  Field,  Va. 

Leinbach,  II.  (1962)  Interpretations  of  the  Time  Variations  of  Polar  Cap  Absorp¬ 
tion,  Thesis,  Geophysical  institute  of  the  University  of  Alaska. 

Leinbach,  II.  (1967)  .1,  Geophvs.  Res,,  72:5473. 

Musser,  J.  M.  (19610  Radio  Science,  .4:5?  1-528. 

Owren,  L.  (1969)  Short-Term  Predictions  on  HF  Absorption.  Contract  AF  19(628)- 
68 -C -0308,  Dartmouth  College,  New  Hampshire. 

Reid,  G.  C.  (1961)  J.  Oeophys.  Res.,  66:407  1-4085. 

Smart,  D.  and  Shea,  M.  ( 1969)  Unpublished. 

Smart,  D,  and  Shea,  M.  (197 1)  Solar  Physics,  16:484-487. 

- WV 

Straka,  R.  M,  and  Barron,  W.  R.  (1970)  Ionospheric  Forecasting  published  as 
AGARD  Conference  Proceeding  No.  49  on  a  meeting  held  in  St.  Jovitt,  Canada 
in  1969;  distributed  bv  NASA,  Langley  Field,  Va. 

Ulwick,  J.,  Kditor  (1972)  Proceedings  of  the  COSPAR  Symposium  on  Solar  Proton 
Kvent  of  Nov.  1968,  AFCRL  Report  No.  72-0474. 

Weir,  Jr.,  R.A.  (1962)  A  Study  of  Atmospheric  Absorption  Produced  by  Solar 
Cosmic  Rays,  Thesis,  University  of  California,  Berkeley. 


